using confocal microscopy. This approach has the ad-(F458, green line) to the eYFP spectrum from the same oocyte with direct excitation with a 488 nm laser (F488, vantage that fluorescence could be measured from only the surface membrane where mature, properly assemblack line) was calculated as RatioA ( Figure 1D ). RatioA was independent of wavelength, confirming that the bled channels were located. FRET was measured as emission of the acceptor (eYFP) during donor (eCFP) eCFP component was properly subtracted, and we were operating in the linear range of the detector. The RatioA excitation with a 458 nm laser ( Figure 1B, red line) . Because of overlap in the eCFP and eYFP spectra, howcomponent due to direct excitation of eYFP (RatioA 0 ) was measured directly from control oocytes expressing ever, the measured eYFP emission due to FRET is always contaminated by both direct excitation of eYFP at only eYFP-tagged channels (CNGA1-eYFP) ( Figures 1C  and 1E ) and subtracted from RatioA, yielding a value 458 nm and by eCFP emission in the eYFP range. To overcome this problem, we quantified FRET efficiency (RatioA Ϫ RatioA 0 ) that was directly proportional to FRET efficiency. using a spectrum approach ( Figure 1B etry of 2 CNGA1 subunits and 2 CNGB1 subunits (He Surprisingly, coexpression of CNGA1, CNGB1-eCFP, et al., 2000; Shammat and Gordon, 1999). Furthermore, and CNGB1-eYFP did not produce a FRET signal signifiit is unexpected because the P loop-containing family cantly different from oocytes expressing eYFP-conof channels, of which CNG channels are a member, are taining subunits alone. This is despite the fact that these generally thought to have a four-fold symmetric strucoocytes showed significant levels of both CNGB1-eCFP ture around the central pore (Doyle et al., 1998) . It has and CNGB1-eYFP fluorescence and robust expression also been suggested that CNG channels may function of functional heteromeric channels similar to coexpresas a pair of dimers with two-fold axes of symmetry (Liu et sion of CNGA1-eCFP, CNGA1-eYFP, and CNGB1 (Figure  al., 1998) . However, the occurrence of only one CNGB1 3, Table 1 ). These results suggest that the heteromeric rod channel only contains a single CNGB1 subunit.
subunit would constitute a break in both of these sym- eYFP-CNGB1). The eCFP and eYFP-containing channels exhibited with different spectral properties (see Figure 3) . Furthermore, oocytes injected with eCFP and eYFP fused to two noninteracting functional behavior indistinguishable from channels without fluorescence proteins attached (see Table 1 ). They were made with a PCRmembrane proteins, a CNG channel subunit and the cannabinoid receptor CB1, respectively, showed no FRET signal (data not based method and confirmed with fluorescence-based sequencing. The cDNAs were subcloned into the pGEMHE vector (a gift from E.
shown). A narrow range of PMT gain was used to ensure linearity, which was checked by calculating FRET efficiency in a wavelength Liman) for expression in Xenopus oocytes. RNA for oocyte injection was made with the Message Machine kit (Ambion, Austin, TX). range covering both strong and weak eYFP emission (see Figures  1D and 1E ). Xenopus oocytes were microinjected with a mixture of CNG channel RNAs and incubated for 5-8 days at 16ЊC prior to recording. An Quantification of FRET efficiency between eCFP and eYFP is complicated by the fact that, in general, emission at the acceptor wave-RNA ratio of 1:4 was used for coexpression of CNGA1 and CNGB1 subunits. This produced a pure population of heteromeric channels length contains three components: eYFP emission due to FRET, eYFP emission due to direct excitation at 458 nm, and eCFP emis-(Shammat and Gordon, 1999), which was confirmed with functional measurements (Figure 3, Table 1 ). An RNA ratio of 2:1 was generally sion. We chose a spectra approach to remove contaminations due to donor emission and direct excitation of the acceptor (see Figures used for coexpression of eCFP and eYFP constructs. The excess eCFP-tagged subunits ensured that each eYFP-tagged subunit was 1B and 1C). This method also eliminated errors arising from variation in the quantum yield of the acceptor or in the concentration of next to an eCFP-tagged subunit and contributed to FRET during energy transfer. Incorporation of each subunit type was confirmed total fluorescence molecules (Clegg, 1992; Selvin, 1995 ). An eCFP spectrum collected from eCFP-containing channels (CNGA1-eCFP) by fluorescence intensity from the fluorescent protein attached to the subunit, as well as by electrophysiological properties (Figure 3 , was recorded and used to subtract the component of eCFP emission from spectra taken from eCFP/eYFP samples with 458 nm excita- Table 1 
